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LITHIUM SECONDARY BATTERY 
Background of the Invention 

The present invention relates to a lithium secondary 
battery, and more particularly to its electrode. 

p 5 The lithium battery, in particular, the rechargeable 



!<=£ 



lithium secondary battery is intensively researched and developed 
recently as a new secondary battery having high voltage and high 
energy density. In earlier studies, the lithium secondary battery 
using lithium metal in the negative electrode has been highly 

10 expected as the battery of high energy density. However, when 
lithium metal is used in the negative electrode, dendric lithium 
formed at the time of charging is grown in the course of charging 
and discharging of battery, which leads to internal short circuit of 
battery or abnormal temperature rise of battery. Such safety 

15 problems have not been solved yet. 

To solve these problems, instead of using lithium metal 
alone, it has been attempted to use an alloy of lithium metal with 
low melting metal such as aluminum, lead, indium, bismuth or 
cadmium, as the negative electrode. In these cases, however, as 
20 charging and discharging are repeated, pulverized alloy penetrates 
through the separator to cause internal short circuit, and it is far 
from practical and the problems are not solved. 
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Recently, to solve the problems, using carbon in the 
negative electrode, the lithium secondary battery using transition 

25 metal compound containing lithium in the positive electrode is 

coming into the mainstream. In this battery system, since charging 
and discharging are done by occlusion and release of lithium ions 
into carbon in the negative electrode, dendrite is not formed by 
charging. Hence, the battery has an excellent cycle characteristic 

30 and is excellent in safety. 

In the existing lithium secondary battery, as mentioned 
above, carbon is used as active substance in the negative electrode, 
and charging and discharging are effected by occlusion and release 
of lithium ions into carbon. When powder is used as active 

35 substance, required conditions of the negative electrode of the 

battery include, aside from the lithium ion occluding and releasing 
capacity of the carbon itself, the filling performance of filling the 
limited volume of the battery with how much carbon. In the 
lithium secondary battery, usually, a mixed paste of carbon and 

40 adhesive is applied on both sides or one side of thin metal films 
used as current collectors, and the obtained plates are dried and 
rolled to form electrodes. In the plates of high capacity type 
having such high filling performance, it is a technical problem to 
accelerate ion conduction in the limited gap existing in the active 

45 substance grain boundary. That is, by obtaining a smoother ion 
diffusion in the negative electrode, the internal resistance of the 
electrode is curtailed, and the lithium secondary battery of high 
capacity is realized also in high rate discharge. 

Further researches are also made into the lithium 
50 secondary battery using polymer electrolyte, instead of organic 
electrolyte solution, as the electrolyte, and it is expected as a 
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lithium secondary battery of next generation featuring small size, 
light weight, and freedom of shape. However, the ion conductivity 
of polymer electrolyte is about 10 4 S/cm at most, which is about 
55 two digits lower as compared with the organic electrolyte solution. 
Hence, to obtain a conductivity similar to that of the organic 
electrolyte solution, gel electrolyte impregnating organic 
electrolyte solution in polymer is used. The gel electrolyte is 
manufactured, for example, in the following method as disclosed in 
60 Japanese Laid-open Patent No. 5-109310. A mixed solvent 

composed of an optical crosslinking polymer of polyethylene glycol 
^ diacrylate, an optical crosslinking monomer of trimethylol propane 

O ethoxylated triacylate, an electrolyte solution solvent of propylene 

fy carbonate or polyethylene oxide, an electrolyte salt of LiCFsSCh, 

jjjj 65 and others is applied on a flat plate, and it is irradiated with 

electron beams to polymerize and cure the monomer, so that a 
H transparent and soft film of gel electrolyte is obtained. In the gel 

H; electrolyte, since ion conduction is mostly conducted through ^ 

QjU electrolyte solution phase, a high ion conductivity of about^ — IrG 3 

70 S/cm can be obtained at room temperature. 

In the lithium polymer secondary battery, as the 
substitute for separator used in the ordinary battery system, the 
polymer electrolyte is bonded with positive electrode and negative 
electrode, and the battery is composed. In the case of an ordinary 

75 secondary lithium battery using organic electrolyte solution, the 
positive electrode is composed of active substance, conductive 
agent and bonding agent, and electrolyte solution is impregnated, 
so that a favorable electrochemical interface with the active 
substance is obtained. However, the gel electrolyte which is a 

80 solid form lacks fluidity, and hardly permeates into the inside of 
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the electrode. Accordingly, a compound electrode containing 
polymer electrolyte preliminarily in the electrode is formed, and it 
is bonded with the polymer electrolyte to fabricate the battery. 

However, the conventional gel polymer electrolyte 
85 described above is characterized by containing organic electrolyte 
solution, and although the polymer electrolyte shows a high ion 
conductivity, it has not reached the level of organic electrolyte 
solution yet in terms of characteristics. When the battery is 
composed by introducing this polymer electrolyte into the 
90 electrode, owing to the low ion conductivity of the electrolyte 

itself, the internal resistance of the electrode is increased, and the 
charging and discharging capacity of the battery is extremely 
spoiled. Hence, to fabricate the battery of high capacity type, it is 
required to enhance the ion conductivity of polymer electrolyte in 
95 the electrode, and compose a battery of low internal resistance. 

Summary of the Invention 

A lithium secondary battery is composed of a positive 
electrode, a negative electrode, and an electrolyte, and at least one 
of the positive electrode and negative electrode contains ceramic 
100 not responsible for charging and discharging reaction of the 
battery. 

According to the invention, by mixing ceramic particles 
in the electrode, either positive electrode or negative electrode, the 
ion conductivity is enhanced, and the internal resistance of the 
105 electrode is lowered. By combining such positive and negative 
electrode for lithium battery and the electrolyte, a lithium 
secondary battery of high capacity particularly in high rate 
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discharge is obtained. 

At the same time, by adding ceramic particles in the 
110 plates, the plate strength is increased, and the lithium secondary 
battery excellent in cycle life characteristic can be manufactured. 

As disclosed in Japanese Laid-open Patent No. 8- 
509100, an inorganic filler such as alumina or silanated fumed 
silica is added in the electrolyte, and the mechanical strength of 

115 the separator film is increased, and the electrolyte absorption level 
is heightened, but its constitution is different from the present 
invention in which ceramic particles are contained in the electrode, 
and it is also different in purpose, action and effect from the 
present invention which is intended to enhance the ion conductivity 

120 and lower the internal resistance of the battery. 

In Japanese Laid-open Patent No. 7-235293, it is 
claimed that the electron conductivity is enhanced by using the 
active substance, having a compound mainly composed of 
semimetal belonging to group IV-B or V-B of periodic table as the 

125 dopant. It is the reformation of the active substance itself of the 
negative electrode, and is different from the present invention in 
its purpose and means. Besides, by adding AI2O3, ImCh, SnCh, 
ZnO in the positive electrode in Japanese Laid-open Patent No. 7- 
153495, or mixing BaO, MgO, CaO in the positive electrode in 

130 Japanese Laid-open Patent No. 7-153496, it is reported that the 
stability of the positive electrode active substance having lithium 
ions de-doped in charged state is enhanced, thereby improving the 
capacity deterioration in the course of charging and discharging 
cycles. It is only intended to stabilize the positive electrode active 

135 substance by adding to the electrode, which is radically different 
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from the constitution, action and purpose of the present invention 
in which additives are added to the negative electrode of the 
lithium ion battery. 



Fig. 1 is a longitudinal sectional view of a power 
generating element of a lithium polymer secondary battery of an 
example of the invention. 

Fig. 2 is a longitudinal sectional view of a power 
generating element of a lithium polymer secondary battery in othe 
embodiment of the invention. 

Fig. 3 is a diagram showing discharge capacity for 
discharge current density in a lithium polymer secondary battery. 

Fig. 4 is a diagram showing discharge capacity for 
discharge current density in a lithium polymer secondary battery. 

Fig. 5 is a diagram showing discharge capacity to 
additive rate of AI2O3 particles mixed in the positive electrode. 

Fig. 6 is a diagram showing discharge capacity to 
particle size of AI2O3 particles mixed in the positive electrode. 

Fig. 7 is a longitudinal sectional view of a lithium ion 
secondary battery using electrodes of the invention. 

Fig. 8 is a diagram showing a discharge curve of 
lithium secondary battery. 

Fig. 9 is a diagram showing rate characteristic of 
lithium secondary battery. 



Brief Description of the Drawings 
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160 Fig. 10 is a longitudinal sectional view of a power 

generating element of a lithium polymer secondary battery of an 
example of the invention. 

Fig. 11 is a diagram showing discharge capacity for 
discharge rate in a lithium polymer secondary battery. 

165 Detailed Description of the Preferred Embodiments 

The invention relates to a lithium secondary battery 
using electrodes containing ceramic particles in at least one of 
positive electrode and negative electrode. By containing ceramics 
in the electrode, the ion conductivity is enhanced, so that a lithium 



g 

s f 170 secondary battery of low internal resistance is obtained. As a 



m 



result, the lithium secondary battery capable of charging and 
discharging at high rate and higher in capacity is obtained. 



The ceramic is at least one selected from the group 
consisting of AI2O3, SiCh, ZrCh, MgO and Na20. The ceramic is 
:S 175 used in particles, and the particle size should be 10 microns or 

less. For transmission of lithium ions, the surface porous portion 
of ceramic particles, more specifically the porous volume is 
responsible, and by using ceramic particles of small particle size 
and wide surface area, more effective ion diffusion capacity is 
180 obtained. 

The ceramic content is 0.01 to 20 parts by weight in 
100 parts by weight of active substance. By the presence of 
ceramic particles, the ion conductivity of electrode is enhanced, 
but its effect appears at 0.01 parts by weight or more, and if too 
185 much ceramic is present in the electrode, the electrolyte volume as 
the ion transmission route decreases suddenly, and therefore the 
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ceramic to be mixed in the electrode is appropriately 20 wt. % or 
less. More preferably, it may be 10 wt.% or less, so that a lithium 
secondary battery of high capacity is obtained. 

190 The invention relates to a lithium secondary battery 

containing polymer electrolyte in at least one of positive electrode 
and negative electrode. The solid electrolyte lacks fluidity, and 
hence hardly permeates into the electrode, and therefore by 
preliminarily containing electrolyte in the electrode to obtain a 

195 compound electrode, so that the ion conductivity is enhanced. 

O The polymer electrolyte is a gel polymer electrolyte 

n composed of polymer and organic electrolyte solution dissolving 



m 



00 



lithium salt. As a result, the ion conductivity of electrolyte is 
enhanced. 



^ 200 Moreover, ceramic is contained in the polymer 

Ly electrolyte. As a result, the ion conductivity in the polymer 

electrolyte is enhanced, and a lithium secondary battery of lower 
internal resistance is obtained. 



The ceramic in the electrolyte is at least one kind 
205 selected from the group consisting of AI2O3, SiCh, ZrCh, MgO and 
NazO. 

The ceramic particles should be 10 microns or less in 
particle size. 

Example 1 

210 Using a polymer electrolyte compound positive 

electrode mixing AI2O3 particles, a lithium polymer secondary 
battery of the invention was fabricated. 
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Fig. 1 is a longitudinal sectional view of a lithium 
polymer secondary battery of the invention. In the diagram, 
215 reference numeral 1 is a lithium metal negative electrode, and 3 is 
a compound positive electrode containing polymer electrolyte 
mixing AI2O3 particles. Besides, reference numeral 2 is a gel 
polymer electrolyte layer, and 4 is an aluminum-made current 
collecting foil of positive electrode. 

220 The polymer electrolyte compound positive electrode 3 

mixing AI2O3 particles was fabricated in the following manner. 
First, as monomer, AI2O3 particles with particle size of 0.5 micron 
Jjg were added by 10 parts by weight to 20 parts by weight of 

polyethylene glycol diacrylate, and stirred. Adding 0.5 part by 
225 weight of thermal polymerization initiator and 70 parts by weight 

SJ 3 

88 of nonaqueous electrolyte solution, the mixture was stirred by a 

ball mill, and a thermal polymerizable polymer electrolyte cured 
solution uniformly dispersing AI2O3 particles was obtained. In 
succession, to 100 parts by weight of VeOn active substance, 6 
;J* 230 parts by weight of acetylene black and 50 parts by weight of the 
thermal polymerizable polymer electrolyte cured solution were 
injected and kneaded. This paste of positive electrode compound 
was applied on an aluminum foil which is a positive electrode 
current collector, and by heating for 1 hour at 80, the monomer 
235 was polymerized and cured, and the polymer electrolyte compound 
positive electrode 3 mixing 5 parts by weight of AI2O3 particles in 
100 parts by weight of active substance was obtained. 

Consequently, the gel polymer electrolyte layer 2 was 
fabricated in the following manner. First, as the monomer, mixing 
240 and stirring 0.1 part by weight of optical polymerization initiator 
and 70 parts by weight of nonaqueous electrolyte solution in 20 
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parts by weight of polyethylene glycol diacrylate, an optical 
polymerizable polymer electrolyte curing solution was obtained. It 
was applied in a thickness of 50 microns, and an ultraviolet ray 
245 with maximum output wavelength of 365 nm was emitted for 3 
minutes. As a result, the monomer was polymerized and cured, 
and a gel polymer electrolyte layer 2 containing nonaqueous 
electrolyte solution was obtained. 

This gel polymer electrolyte layer 2 was bonded and 
250 laminated with lithium metal negative electrode 1 and polymer 
electrolyte compound positive electrode 3, and the coin type 
lithium polymer secondary battery of the invention was composed. 

Herein, the thermal polymerization initiator was 
azoisobutylonitrile, the optical polymerization initiator was benzyl 
255 dimethyl ketal, and the nonaqueous electrolyte solution was an 
equally mixed solvent of propylene carbonate and ethylene 
carbonate by 50:50 by volume, dissolving 1 mol/liter of LiPF6 as a 
solute. 

Example 2 

260 The coin type lithium polymer secondary battery of the 

invention was composed in the same manner as in example 1, 
except that the particle size of AI2O3 particles to be mixed in the 
polymer electrolyte compound positive electrode 3 was fixed at 0.5 
micron, and that the additive rate in 100 parts by weight of active 

265 substance was 5, 10, 20 and 30 parts by weight. 



Example 3 

The coin type lithium polymer secondary battery of the 
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invention was composed in the same manner as in example 1, 
except that the additive rate of AI2O3 particles mixed in the 
270 polymer electrolyte compound positive electrode 3 was fixed at 5 

parts by weight in 100 parts by weight of active substance, and that 
the particle size of AI2O3 particles was 0.5, 1.0, 10 and 20 
microns. 

Example 4 

275 The coin type lithium polymer secondary battery of the 

invention was composed in the same manner as in example 1, 
i«j except that AI2O3 particles were contained in the gel polymer 

electrolyte layer. 

?5? The gel polymer electrolyte layer containing AI2O3 

w 280 particles was manufactured in the following manner. First, as 
it monomer, 10 parts by weight of AI2O3 particles with particle size 

y of 0.5 micron were added and stirred in 20 parts by weight of 

\%\ polyethylene glycol diacrylate. Adding 0.1 part by weight of 

S la? 

:~ optical polymerization initiator and 70 parts by weight of 

285 nonaqueous electrolyte solution, the mixture was stirred by a ball 
mill, and an optical polymerizable polymer electrolyte cured 
solution uniformly dispersing AI2O3 particles was obtained. It was 
applied in a thickness of 50 microns, and an ultraviolet ray with 
maximum output wavelength of 365 nm was emitted for 3 minutes. 
290 As a result, the monomer was polymerized and cured, and gel 
polymer electrolyte layer containing nonaqueous electrolyte 
solution and dispersing AI2O3 particles was obtained. 

This gel polymer electrolyte layer dispersing AI2O3 
particles was bonded and laminated with lithium metal negative 
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295 electrode 1 and polymer electrolyte compound positive electrode 3 
same as in example 1, and the coin type lithium polymer secondary 
battery of the invention was composed. 

Example 5 

A lithium polymer secondary battery of the invention 
300 was composed by using a polymer electrolyte compound negative 
electrode mixing AI2O3 particles. 

Fig. 2 shows a longitudinal sectional view of a lithium 
polymer secondary battery in other embodiment of the invention. 
In the diagram, reference numeral 5 is a negative electrode current 
jS 305 collector, and a polymer electrolyte compound negative electrode 6 
l3f mixing AI2O3 particles is applied. It is laminated with a polymer 

p electrolyte compound positive electrode 8 applied on a positive 

electrode current collector 9 with a gel polymer electrolyte 7 
Ly inbetween. 

§t| 3 

310 The polymer electrolyte compound negative electrode 6 

mixing AI2O3 particles was manufactured in the following manner. 
First, to the monomer of 20 parts by weight of polyethylene glycol 
diacrylate, AI2O3 particles with particle size of 0.5 micron was 
added and stirred by 10 parts by weight. Further adding 0.5 part 

315 by weight of thermal polymerization initiator and 70 parts by 

weight of nonaqueous electrolyte solution, the mixture was stirred 
by a ball mill, and a thermal polymerizable polymer electrolyte 
cured solution uniformly dispersing AI2O3 particles was obtained. 
In succession, as negative electrode active substance, to 90 parts 

320 by weight of graphite powder with particle size of 6 microns, 

polyvinylidene fluoride was mixed by 10 parts by weight as binder, 
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and the thermal polymerizable polymer electrolyte cured solution 
was injected by 50 parts by weight and kneaded. This paste of 
negative electrode compound was applied on a copper foil of the 
325 negative electrode current collector 5, and dried at reduced 
pressure at 150, and blanked, and the polymer electrolyte 
compound negative electrode 6 mixing 5 parts by weight of AI2O3 
particles in 100 parts by weight of active substance was obtained. 

The polymer electrolyte compound positive electrode 8 
330 was fabricated in the following manner. First, to the monomer of 
20 parts by weight of polyethylene glycol diacrylate, 0.5 part by 

19 

.Q weight of thermal polymerization initiator and 70 parts by weight 

-% of nonaqueous electrolyte solution were added and stirred, and a 

thermal polymerizable polymer electrolyte cured solution was 

yi 

|B 335 obtained. In succession, to 100 parts by weight of LiCoCh as 

positive electrode active substance, 3 parts by weight of acetylene 

Q 

Q black and 50 parts by weight of the thermal polymerizable polymer 

electrolyte curing solution were injected and kneaded. This paste 

5 %£■ 

;2 of positive electrode compound was applied on an aluminum foil of 

340 the positive electrode current collector 9, and by heating for 1 
hour at 80, the monomer was polymerized and cured, and the 
polymer electrolyte compound positive electrode 8 was obtained. 

The gel polymer electrolyte layer 7 was fabricated in 
the same manner as in example 1. This gel polymer electrolyte 
345 layer 7 was bonded and laminated with the polymer electrolyte 

compound negative electrode 6 and polymer electrolyte compound 
positive electrode 8, and the coin type lithium polymer secondary 
battery of the invention was composed. 

Herein, the thermal polymerization initiator was 
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350 azoisobutylonitrile, the optical polymerization initiator was benzyl 
dimethyl ketal, and the nonaqueous electrolyte solution was a 
mixed solvent of ethylene carbonate and ethyl methyl carbonate by 
25:75 by volume, dissolving 1.5 mol/liter of LiPFe as a solute. 

Example 6 

355 The coin type lithium polymer secondary battery of the 

invention was composed in the same manner as in example 5, 
except that AI2O3 particles were contained in the gel polymer 
electrolyte layer. 

2 The gel polymer electrolyte containing AI2O3 particles 

2 360 was manufactured in the same manner as in example 4. 

The gel polymer electrolyte layer containing AI2O3 
N particles was bonded and laminated with the polymer electrolyte 

Q compound negative electrode 6 and polymer electrolyte compound 

\1 positive electrode 8, and the coin type lithium polymer secondary 

:^ 365 battery of the invention was composed. 



Example 7 

A lithium polymer secondary battery of the invention 
was composed by using the polymer electrolyte compound negative 
electrode and positive electrode mixing AI2O3 particles. 

370 The coin type lithium polymer secondary battery of the 

invention was composed in the same manner as in example 6, 
except that AI2O3 particles were contained in the polymer 
electrolyte compound positive electrode. 

The polymer electrolyte compound positive electrode 
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375 mixing AI2O3 particles was manufactured in the following manner. 
First, to the monomer of 20 parts by weight of polyethylene glycol 
diacrylate, AI2O3 particles with particle size of 0.5 micron was 
added and stirred by 10 parts by weight. Further adding 0.5 part 
by weight of thermal polymerization initiator and 70 parts by 
380 weight of nonaqueous electrolyte solution, the mixture was stirred, 
and a thermal polymerizable polymer electrolyte cured solution was 
obtained. In succession, as positive electrode active substance, to 
100 parts by weight of LiCoCh, 3 parts by weight of acetylene 
black and 50 parts by weight of the thermal polymerizable polymer 
q 385 electrolyte cured solution were injected and kneaded. This paste of 
p positive electrode compound was applied on an aluminum foil, and 

;P by heating for 1 hour at 80, the monomer was polymerized and 

cured, and the polymer electrolyte compound positive electrode 
M> mixing AI2O3 particles was obtained. 

2 390 The polymer electrolyte compound positive electrode 

J,i and polymer electrolyte compound negative electrode dispersing 

IS AI2O3 particles were bonded and laminated with the gel polymer 

electrolyte layer 7, and the coin type lithium polymer secondary 

battery of the invention was composed. 

395 Example 8 

A cylindrical lithium ion secondary battery of the 
invention was composed by using a negative electrode mixing 
alumina (AI2O3) particles. 



400 



Fig. 7 shows a longitudinal sectional view of a 
cylindrical lithium ion secondary battery of the invention. In the 
diagram, reference numeral 1 1 is a negative electrode mixing AI2O3 
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particles, and it was manufactured in the following manner. First, 
as negative electrode active substance, to 90 parts by weight of 
graphite powder, 10 parts by weight of polyvinylidene fluoride as 
binder and N-methyl-2-pyrrolidone as solvent were mixed, and a 
specified amount of AI2O3 particles with specified particle size 
were mixed and kneaded, and a paste was prepared. A specified 
amount of this compound was applied on both sides of a copper foil 
as negative electrode current collector, and dried, rolled, and cut 
to a specified size, and a negative electrode 11 for lithium 
secondary battery was fabricated. Reference numeral 13 is a 
positive electrode, and it was manufactured in the following 
manner. To 100 parts by weight of LiCoCh positive electrode 
active substance, 3 parts by weight of acetylene black and 9 parts 
by weight of aqueous dispersion of polytetrafluoroethylene were 
added and kneaded to prepare a paste. It was applied on both sides 
of an aluminum foil as positive electrode current collector, and 
dried and rolled, and cut to a specified size, and a positive 
electrode 13 for lithium ion secondary battery was obtained. 
Reference numeral 15 is a separator composed of a polyethylene 
microporous film, and it is interposed between the positive 
electrode 13 and negative electrode 11, and a spiral plate group is 
composed on the whole. 

At upper and lower ends of the plate group, an upper 
insulator 16 and a lower insulator 17 of polypropylene are 
disposed, and the assembly is inserted into a nickel plated iron 
case 18. A positive electrode lead plate 14 is spot-welded to a 
titanium sealing plate 20 and a negative electrode lead plate 12, to 
the bottom of the case 18, and a specified amount of electrolyte 
solution is injected into the case, and the battery is sealed with the 
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sealing plate 20 through a gasket 19, and a cylindrical lithium 
secondary battery of the invention is obtained. The battery 
measures 14 mm in diameter and 50 mm in height. Reference 
numeral 21 is a positive electrode terminal of the battery, and the 
435 battery case 18 serves as the negative electrode terminal. Herein, 
the electrolyte solution is a nonaqueous electrolyte solution 
dissolving 1.5 mol/liter of LiPFe in a mixed solvent of ethylene 
carbonate and ethyl methyl carbonate at 25:75 by volume. 

Example 9 

440 The cylindrical lithium ion secondary battery of the 

invention was composed in the same manner as in example 8, 
except that the particle size of AI2O3 particles to be mixed in the 
negative electrode was fixed at 0.5 micron, and that the additive 
rate in 90 parts by weight of graphite and 10 parts by weight of 



O 445 binder was 0.01, 5, 10, 20 and 30 parts by weight. 

W 

vii Example 10 



The cylindrical lithium ion secondary battery of the 
invention was composed in the same manner as in example 8, 
except that the additive rate of AI2O3 particles mixed in the 
450 negative electrode was fixed at 5 parts by weight in 90 parts by 
weight of graphite and 10 parts by weight of binder, and that the 
particle size of AI2O3 particles was 0.5, 1.0, 10 and 20 microns. 

Comparative example 1 

The coin type lithium polymer secondary battery of the 
455 invention was composed in the same manner as in example 1, 
except that AI2O3 particles were not contained in the polymer 
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electrolyte compound positive electrode. 
Comparative example 2 

The coin type lithium polymer secondary battery of the 
460 invention was composed in the same manner as in example 5, 
except that AI2O3 particles were not contained in the polymer 
electrolyte compound negative electrode. 

Comparative example 3 

The cylindrical lithium ion secondary battery of the 
p 465 invention was composed in the same manner as in example 8, 
3 : « except that AI2O3 particles were not contained in the negative 

Jf! electrode. 

m 

W The characteristics of these batteries in examples 1 to 

« 10 and comparative examples 1-3 were evaluated. The results are 

bj 470 shown in Fig. 3 to Fig. 6, Fig. 8, and Fig. 9. 

H 

II! 

In Fig. 3, the current-capacity characteristic of the coin 
m type lithium polymer secondary batteries obtained in example 1, 

example 4, and comparative example 1 are expressed as the 
discharge capacity to the discharge current density. In the test, the 

475 battery was charged at a constant current of 0.5 mA/cm 2 , and 

discharged at a current density of 0.5 to 6.0 mA/cm 2 , in a voltage 
range of 1.8 to 3.3 V, at 20. As a result, as compared with the 
battery of comparative example 1, the battery of example 1 mixing 
AI2O3 particles in the positive electrode of the invention was 

480 extremely enhanced in the discharge capacity at the discharge 

current density of 1 mA/cm 2 or more. The battery in example 4 
mixing AI2O3 fine particles also in the gel polymer electrolyte layer 
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was further improved in the discharge capacity as compared with 
the battery of example 1. 

485 In Fig. 4, the current-capacity characteristic of the coin 

type lithium polymer secondary batteries obtained in example 5 to 
example 7, and comparative example 2 are expressed as the 
discharge capacity to the discharge current density. 

In the test, the battery was charged at a constant current 
490 of 0.5 mA/cm 2 , and discharged at a current density of 0.5 to 6.0 

mA/cm 2 , in a voltage range of 3.0 to 4.2 V, at 20. As a result, as 
compared with the battery of comparative example 2, the battery of 
example 5 mixing AI2O3 particles in the negative electrode of the 
invention was enhanced in the capacity in a high discharge current 

SI 495 density region. The battery in example 6 mixing AI2O3 particles 

IS 

!** also in the polymer electrolyte layer was further improved in the 

q discharge capacity as compared with the battery of example 5. 

jrf Moreover, a high capacity was recorded in the battery of example 

7 mixing AI2O3 particles in the positive electrode, negative 

TO 500 electrode and polymer electrolyte. In the battery of comparative 
example 2, at discharge of 6.0 mA/cm 2 , the capacity is about 48% 
of that at discharge of 0.5 mA/cm 2 , whereas in the battery of 
example 6, a high capacity maintenance rate of 77% was obtained. 

Fig. 5 is a diagram showing the discharge capacity in 
505 terms of the additive amount of AI2O3 particles mixed in the 
positive electrode of the coin type lithium polymer secondary 
battery using the polymer electrolyte compound positive electrode 
obtained in example 2. In the test, the battery was discharged at a 
current density of 3.0 mA/cm 2 , and charged at 0.5 mA/cm 2 , at 20. 
510 As a result, the discharge capacity increased along with the 
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addition of AI2O3 particles, showing the maximum value of 2.6 
mAh at 5 wt.%. However, at the additive rate of 20 wt.% or 
more, to the contrary, the discharge capacity decreased as 
compared with the battery without additive. 

515 Fig. 6 is a diagram showing the discharge capacity in 

terms of the particle size of AI2O3 particles mixed in the positive 
electrode of the coin type lithium polymer secondary battery using 
the polymer electrolyte compound positive electrode obtained in 
example 3. In the test, the battery was discharged at a current 

520 density of 3.0 mA/cm 2 , and charged at 0.5 mA/cm2, at 20. As a 
result, the discharge capacity increased along with the decrease of 
particle size, and a high capacity over 2.0 mAh was obtained at 
particle size of 10 microns or less. 



m 

H As a result of measurement of X-ray diffraction of the 

E: 

O 525 positive electrode and negative electrode after charging and 

5 j, 1 

Ti discharging, there was no difference in the peak of AI2O3. Hence, 

;| it is estimated that AI2O3 is not related to charging and 

discharging. 

Fig. 8 shows the discharge curve at the tenth cycle of 
530 the lithium secondary batteries obtained in example 8 and 

comparative example 3. In the test, the battery was charged at a 
constant current of 100 mA and discharged at 500 mA, the charge 
end voltage was 4.2 V and discharge end voltage was 3.0 V, and 
the cycle test was conducted in the environments at 20. As a 
535 result, the battery of comparative example 3 had a capacity of 405 
mAh, and the battery of the invention in example 8 mixing AI2O3 
particles in the negative electrode was increased in capacity by 6% 
to 430 mAh. This is because the internal resistance of the battery 
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is low, the voltage drop in discharge is small, and a high voltage is 
540 maintained. 

In Fig. 9, the current-capacity characteristics of the 
lithium secondary batteries obtained in example 8 and comparative 
example 3 are expressed as the discharge capacity to the discharge 
current. In the test, the battery was charged at a constant current 
545 of 100 mA, and discharged at 100, 250, 500, and 1000 mA. In low 
rate discharge at 100 mA, in the battery of example 8 mixing AI2O3 
particles in the negative electrode, the capacity was decreased by 
4% as compared with the battery of comparative example 3 due to 
decline of quantity of active substance, but in high rate discharge 
? p 550 at 250 mA and higher, the capacity was improved. Besides, the 

tjrst 

VU battery of comparative example 3, in discharge at 1000 mA, the 

m 

IB capacity was about 83% that in discharge at 100 mA, while a high 

s . capacity maintenance rate of 90% was observed in the battery of 

Q 

Q example 8. 

B 

^ 555 In the test, the battery of example 9 was charged at 100 

:; : 
•Sir 

® mA and discharged at 500 mA at 20. As a result, the discharge 

capacity increased together with the addition of AI2O3 particles, 
showing the maximum value of 430 mAh at 5 wt.%. However, at 
20 wt.% or more, to the contrary, the discharge capacity decreased 
560 due to addition. This seems because quantities of ceramic fine 

particles are present in the electrode and the electrolyte volume as 
the ion transmission route is decreased suddenly. Hence, ceramic 
fine particles to be mixed in the electrode should be preferably 20 
wt.% or less, and a lithium secondary battery of high capacity is 
565 obtained at this time. 



The discharge capacity in terms of particle size of AI2O3 
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particles mixed in the negative electrode of the lithium secondary 
battery obtained in example 10 was improved as the particle size of 
mixed AI2O2 particles decreased, and a high capacity of over 420 
mAh was obtained at particle size of 10 microns or less. This is 
considered because the surface porous portion of ceramic particles, 
more specifically, the porous volume is closely related to 
transmission of lithium ions, and an effective ion diffusion is 
achieved by using ceramic particles of small particle size and wide 
surface area. 

In both charge and discharge states, the X-ray 
diffraction analysis of the negative electrode after charging and 
discharging disclosed no difference in AI2O3 peaks. Hence, AI2O3 
is not considered to be related to occlusion and release of lithium. 

Moreover, the cycle characteristics of the lithium 
secondary batteries of example 8 and comparative example 3 were 
studied. The battery test was conducted at the discharge current of 
500 mA, upper limit end voltage of 4.2 V, lower limit end voltage 
of 3.0 V, and in the environment of 20. Results of discharge 
capacity at 0, 100, and 500 cycles are shown in Table 1. 
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Table 1 





Initial capacity 
(mAh) 


Capacity after 
100 cycles 
(mAh) 


Capacity after 
500 cycles 
(mAh) 


Example 8 


430 


414 


404 


Comparative 
example 3 


405 


376 


365 



As clear from Table 1, in the battery of comparative 
'0 example 3, the capacity decrease to 93% of initial capacity in 100 

=p cycles, and 90% in 500 cycles, but the battery of example 8 of the 

llj 

m 590 invention maintained 94% of initial capacity after 500 cycles. The 

It! 

lI battery was decomposed after 500 cycles, and the negative 

L electrode was observed, and the plate of example 8 containing 

W AI2O3 was less in dropout of negative electrode compound and 

Sy higher in strength as compared with the plate of comparative 

m 595 example 3 without additive. 

Example 1 1 

A lithium polymer secondary battery of the invention 
was composed by using a polymer electrolyte compound positive 
electrode mixing AI2O3 particles. 

600 Fig. 10 is a longitudinal sectional view of the lithium 

polymer secondary battery of the invention. In the diagram, a 
positive plate 31 is a laminated structure of a positive electrode 
active substance layer 31a and a positive electrode current 
collector 31b. A negative plate 32 is similarly a laminated 
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605 structure of a negative electrode active substance layer 32a and a 
negative electrode current collector 32b. A polymer electrolyte 33 
is placed between the positive plate and negative plate, and is 
integrated with the positive plate and negative plate by hot melting 
or casting method. 

610 The positive electrode current collector 31b is a 

punching metal or lath metal composed of aluminum metal or 
conductive material coated with aluminum, and a mixture of 
conductive carbon material such as acetylene black, Ketchen Black, 
or carbon fiber, and a binder such as poly vinylidene fluoride is 
f 3 615 bonded to the surface. 

=C The negative electrode current collector 32b is a 

n! 

m punching metal or lath metal composed of nickel metal or 

IS 

l'J h conductive material coated with copper or nickel, and a mixture of 

IU conductive carbon material such as acetylene black, Ketchen Black, 
yJ 620 or carbon fiber, and a binder such as polyvinylidene fluoride is 

PJ bonded to the surface. 

m 

In the method of binding the conductive carbon material 
to the current collector, for example, acetylene black is dispersed 
in N-methyl pyrrolidone solution of polyvinylidene fluoride, and 
625 this solution is directly applied on the current collector, and the 
solvent, N-methyl pyrrolidone, is dried and removed. 

The positive electrode active substance layer 31a and 
negative electrode active substance layer 32a are fabricated by 
applying a paste composed of active substance, conductive 
630 material, and polymer solution on a glass plate, and drying and 
removing the solvent. The positive electrode active substance 
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layer 31a, positive electrode current collector 31b, negative 
electrode active substance layer 32a, and negative electrode current 
collector 32b are melted by heat roller to prepare the positive plate 
635 31 and negative plate 32, and the polymer electrolyte 33 is 

laminated with the positive plate 31 and negative plate 32, and 
melted by heat roller to prepare the laminate electrode 34. 

The laminate electrode 34 is inserted into the laminate 

sheet housing, and from the opening of the housing, an electrolyte 
640 solution dissolving 1 mol/liter of lithium phosphate hexafluoride in 

a mixture of ethylene carbonate and ethyl methyl carbonate at 1:3 
Q by volume is poured in. After pouring the solution, the inside of 

Q the housing is evacuated and heated to impregnate the electrolyte 

ry solution sufficiently in the laminate electrode, and is then returned 

{jfi 645 to atmospheric pressure, and the opening of the housing is sealed 

by heat seal, and the organic electrolyte battery of the invention is 

obtained. 

s , 

FU A lithium polymer secondary battery of the invention 

?S3 using polymer electrolyte compound positive electrode mixing 

650 AI2O3 particles was prepared in the following procedure. 

In 160 g of acetone, 45 g of copolymer of vinylidene 
fluoride and propylene hexafluoride (hereinafter called P(VDF- 
HFP) (ratio of propylene hexafluoride 12% by weight) is dissolved, 
and 45 g of di-n-butyl phthalate (DBP) is added to prepare a mixed 
655 solution. This solution is applied on a glass plate in a deposition 
thickness of 0.5 mm, and acetone is dried and removed, and a 
polymer electrolyte sheet of 0.08 mm in thickness and 40 mm 70 
mm in size is prepared. 
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As the positive electrode sheet, 90 g of P(VDF-HFP) is 
660 dissolved in 1300 g of acetone, and 1000 g of lithium cobaltate, 60 
g of acetylene black, 135 g of DBP, and 100 g of AI2O3 particles 
with particle size of 0.5 micron are mixed and the prepared paste 
is applied on a glass plate in a deposition thickness of 0.9 mm, and 
acetone is dried and removed, and a sheet of 0.3mm in thickness 
665 and 30 mm 60 mm in size is obtained. 

As the negative electrode sheet, 45 g of P(VDF-HFP) is 
dissolved in 300 g of acetone, and 260 g of spherical graphite 
(Osaka Gas) composed of carbon mesophase spheres transformed 
O into carbon and graphite, 20 g of vapor phase growth carbon fiber 

O 670 transformed into graphite (VGCF) (Osaka Gas), and 65 g of DBP 
111 are mixed, and the prepared paste is applied on a glass plate in a 

jjs deposition thickness of 1.2 mm, and acetone is dried and removed, 

!" and a sheet of 0.35 mm in thickness and 30 mm 60 mm in size is 

H obtained. 

IU 675 The mixture of conductive carbon material and binder to 

03 be applied on the current collector is prepared by dispersing and 

mixing 30 g of acetylene black and N-methyl pyrrolidone solution 
(12 wt.%) of poly vinylidene fluoride. This mixture is applied on a 
lath metal of aluminum and copper of 0.06 mm in thickness, and by 
680 drying and removing N-methyl pyrrolidone at temperature of 80 or 
higher, the current collector is prepared. 

The laminated structure of the positive electrode sheet 
and current collector of aluminum is laminated with 
polytetrafluoroethylene sheet (PTFE, 0.05 mm thick), and heated 
685 and pressurized by passing through two rollers heated at 150 to 

melt. The PTFE is used to prevent the active substance layer from 
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adhering to the rollers, and other material such as copper foil or 
aluminum foil may be used. 

In the same manner, the negative plate is prepared by 
690 using the negative electrode sheet and copper current collector. 

Finally, the polymer electrolyte is laminated with the 
positive plate and negative plate, and heated and pressurized by 
two rollers heated at 120 to melt and integrate, thereby composing 
a composition battery. The integrated composition battery is 
695 immersed in diethyl ether, and DBP is extracted and removed, and 
dried in vacuum at 50. 



5«f 



Finally, in the integrated composition battery, an 
electrolyte solution dissolving 1.5 mol/liter of lithium phosphate 
jjg hexafluoride in a mixture of ethylene carbonate and ethyl methyl 

700 carbonate at 1:3 by volume is poured. After pouring the solution, 
the inside of the housing is evacuated and heated to impregnate the 
electrolyte solution sufficiently in the laminate electrode, and is 
C- returned to atmospheric pressure, and the opening of the housing is 

sealed by heat seal, and the lithium polymer secondary battery of 
705 the invention is obtained. 

Example 12 

A lithium polymer secondary battery of the invention 
was prepared in the same manner as in example 11, except that 
AI2O3 particles with particle size of 0.5 micron same as used in 
710 example 11 were contained in the polymer electrolyte. 

The polymer electrolyte mixing AI2O3 particles was 
prepared in the following manner. 
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In 160 g of acetone, 30 g of copolymer of vinylidene 
fluoride and propylene hexafluoride (hereinafter called P(VDF- 
715 HFP) (ratio of propylene hexafluoride 12% by weight) is dissolved, 
and 30 g of di-n-butyl phthalate (DBP) is added, and AhOs 
particles with particle size of 0.5 microns are added to this mixed 
solution. This solution is applied on a glass plate in a deposition 
thickness of 0.5 mm, and acetone is dried and removed, and a 
720 polymer electrolyte sheet of 0.08 mm in thickness and 40 mm 70 
mm in size is prepared. 

Comparative example 4 

A lithium polymer secondary battery of comparative 
example was prepared in the same manner as in example 11, except 

us : 

3 3 J 

m 725 that AI2O3 particles are not contained in the polymer electrolyte 
\Z compound positive electrode. 



The characteristics were evaluated in the batteries thus 
prepared in examples 11 and 12 and comparative example 4. Fig. 
11 shows the discharge capacity in terms of the discharge rate 

730 plotted on the axis of abscissas. The discharge end voltage was 3 
V. As a result, as compared with the battery not containing AI2O3 
particles in comparative example, the battery of example 11 mixing 
AI2O3 particles in the positive electrode of the invention was 
extremely enhanced in the discharge capacity at the high discharge 

735 rate. Moreover, in the battery of example 12 mixing AI2O3 

particles also in the polymer electrolyte, the discharge capacity 
was further enhanced as compared with the battery of example 11. 



In the embodiments, LiPFe was used as the solute of 
nonaqueous electrolyte solution, but it may be replaced by other 
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740 lithium salt, such as LiCFsSOs, LiClCh, LiNCCFaSCh), LiAsFe, or 
LiBF 4 . 

Also in the embodiments, as the solvent of the 
nonaqueous electrolyte solution, a mixed solvent of propylene 
carbonate and ethylene carbonate, and a mixed solvent of ethylene 
745 carbonate and ethyl methyl carbonate were used, but other organic 
solvents or their mixed solvents may be used. 

As the positive electrode active substance of the 
embodiments, VeOn and LiCoCh were used, but they may be also 
replaced by MnCh, Lh + xMmCU (0X0.1), LiNiCh, LixMnCh (0X0.5), 



£ 750 and other lithium transition metal composite compound. 

W Lithium metal and graphite powder were used in the 

Pi negative electrode of the embodiments, but other carbon material, 

s{ metal oxide, metal nitride, and other metal compounds may be also 

used. 



ill 



755 In the embodiments, as ceramic fine particles, AI2O3 

were used, but same effects were obtained by using SiCh, Zr02, 
MgO, and Na20. 

Ceramic particles were used in the embodiments, but the 
shape of particles is not limited to granular form, but same effects 
760 were obtained in fibrous ceramic particles having a wide specific 
surface area. 

Thus, according to the invention, by mixing ceramic 
particles in the positive and/or negative electrode, the electrode 
capacity was enhanced particularly in high rate discharge. By 
765 combining the positive and negative electrodes for lithium battery 
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and the electrolyte, the lithium secondary battery of high capacity 
was obtained. 
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